The use of anti-beta 1 integrin monoclonal antibody in lung cancer treatment has proven beneficial. Here, we developed a novel monoclonal antibody (mAb), called P5, by immunizing mice with human peripheral blood mononuclear cells (PBMC). Its anti-tumor effect is now being tested, in a clinical phase Ⅲ trial, in combinatorial treatments with various chemical drugs. To confirm that P5 indeed binds to beta 1 integrin, cell lysates were immunoprecipitated with commercial anti-beta 1 integrin mAb (TS2/16) and immunoblotted against P5 to reveal a 140 kDa molecular weight band, as expected. Immunoprecipitation with P5 followed by LC/MS protein sequence analysis further verified P5 antigen to be beta 1 integrin. Cisplatin treatment upregulated cell surface expression of beta 1 integrin in A549 cells, while causing inhibition of cell growth. When cells were co-treated with different concentrations of P5 mAb, the cisplatin-mediated inhibitory effect was enhanced in a dose-dependent manner. Our findings show that a combinatorial treatment of P5 mAb and cisplatin in A549 cells resulted in a 30% increase in apoptosis, compared to baseline, and significantly more when compared to either the cisplatin or P5 alone group. The entire peptide sequences in CDR from variable region of Ig heavy and light chain gene for P5 mAb are also disclosed. Together, these results provide evidence of the beneficial effect of P5 mAb in combinatorial treatment of human lung adenocarcinoma.
Introduction
Lung cancer is the most prevalent form of cancer worldwide and, it is the leading cause of cancerrelated death in men and the second leading cause in women [1, 2] . Among lung cancers, non-small cell lung cancer (NSCLC) represents the most common type of cancer, accounting for 75-80% of all lung cancer occurrences [3] . The importance of beta 1 integrin in cell or tumor biology has been researched for decades. Beta 1 integrin transduces biochemical signals from extracellular environment, particularly those involved with growth, differentiation, invasiveness, and the metastatic potential of malignant cells [5] . Altered expression of integrins was implicated in tumor suppression and progression [6] [7] [8] , where an increase in beta 1 integrins enhanced cancer cell viability by promoting survival and conferring resistance to chemotherapy in several tumor cell types [9] [10] [11] . The therapeutic approach using beta 1 integrin started from a report demonstrating that a monoclonal antibody against it improved the effectiveness of radiation therapy. Recently, beta 1 integrin mAb has been also actively used in a combinatorial treatment regime with anticancer drugs [12] , demonstrating significantly improved outcome in progressive form of NSCLC where surgical treatment is difficult [13] . Cis-diaminodichloroplatinum (II) (CDDP; cisplatin) is one of the most effective and widely used DNAdamaging anti-cancer drugs for the treatment of various human cancers, including lung cancer [14] . However, cancer cells becoming resistant to cisplatin treatment remains a significant impediment to successful chemotherapy. To resolve this problem and to increase treatment efficacy, trials were performed using cisplatin and teniposide, or cisplatin and paclitaxel to compare the effectiveness of a combined treatment [15] . As result, the combinatorial treatment gave better efficiency for advanced NSCLC and has been recommended as one of the standard cares for advanced NSCLC patients. The new treatment regime takes a cancer-cell specific approach and promises less cytotoxicity than the older regime. As cancer cell-specific targets are only part of disease etiology, treatments combining a targeted approach and conventional drugs are yielding a synergistic effect.
In this study, we established a novel monoclonal antibody against beta 1 integrin from the hybridoma clone called P5 and evaluated its therapeutic efficacy when used in combination with cisplatin on A549 cells. Results are discussed to suggest the beneficial effect of this monoclonal antibody against lung adenocarcinoma. P5 mAbs were purified from ascites using DEAE-anion exchange chromatography. Cisplain [cisdiaminodichloroplatinum (CDDP)] was purchased from Choong-Wae Pharmaceutical (Seoul, Korea). Fluorescein isothiocyanate (FITC)-conjugated goat antimouse secondary antibody and horseradish peroxidase (HRP)-conjugated goat anti-mouse secondary antibody were supplied from DINONA (Seoul, Korea). Sulfo-NHS-LC-biotin was purchased from Thermo Scientific (Rockford, IL, USA). HRP-conjugated streptoavidin was purchased from DAKO (Kyoto, Japan). Anti-beta 1 integrin mAb (TS2/16) and ELC-western blotting system were purchased from Santa Cruz Biotech (Santa Cruz, CA, USA) and GE Amersham (Braunschweig, Germany), respectively. EZ-Cytox Cell Viability Assay Kit was purchased from Daeil Lab (Seoul, Korea). Annexin V-FITC and propidium iodide (PI) was purchased from BD Biosciences (San Jose, CA, USA).
Materials and methods

Cells and reagents
Generation of monoclonal antibody
Six weeks-old Balb/c mice were immunized 3 times with human peripheral blood mononuclear cell (PBMC) at 4-2-2 week intervals. Three days prior to spleen harvest for fusion, mice were boosted with anti-CD40 mAb. Splenocytes from immunized mice were fused with SP2/0 mouse myeloma cell line (ATCC, #CRL-1581). Finally, P5 mAb was established through repeating screenings and limiting dilutions 3 times [16] .
TF-1 cell preparation
TF-1 cells (1 × 10 8 ) of erythroleukemia origin were harvested and washed with cold phosphate-buffered saline (PBS). Cells were resuspended with 1 mL of buffer following preparation of biotinylation buffer (1% Sulfo-NHS-LC-biotin in 20 mmol/L sodium bicarbonate, and 150 mmol/L sodium chloride). Cell suspensions were incubated at 4°C for 2 hours and washed twice with PBS. Biotinylated cells were lysed in lysis buffer (1% Nonidet P-40; NP-40 in 50 mmol/L Tris-HCl pH7.4, 50 mmol/L EDTA and 1 mmol/L phenyl-methylsulfonyl-fluoride). For immunoprecipitation, protein G agarose beads were preincubated with P5 mAb in PBS overnight at 4°C with rotation. Biotinylated cell lysates were incubated with antibody-bead complex overnight at 4°C with rotation. Protein-antibody bead complex was washed with buffers 1, 2, 3 in numerical order (Buffer 1;1% NP-40 in 1 mol/L NaCl, Buffer 2; 0.1% NP-40 in 0.5 mol/L NaCl, Buffer 3; 0.1% NP-40 in PBS). Final samples were resuspended in reducing loading buffer and separated by electrophoresis in SDS on 10% polyacrylamide gels. Proteins were transferred on PVDF membrane (Millipore, Billerica, MA, USA), and the membrane was incubated with HRP-conjugated streptavidin and visualized using the ELC-western blotting system.
Immunoprecipitation and immunoblotting
For immunoprecipitation (IP), protein G agarose beads were preincubated with anti-beta 1 integrin mAb (TS2/16) in PBS overnight at 4°C with rotation. Subsequently, antibody-bead complex was incubated with TF-1 cell lysates overnight at 4°C with rotation. Resulting protein-antibody bead complex was immunoblotted with P5 mAb and HRP-conjugated goat antimouse secondary antibody. The blots were developed using ELC-western blotting system.
Protein analysis
The protein-antibody bead complex resulting from immunoprecipitation described above was separated by electrophoresis in SDS on 10% polyacrylamide gels. Protein bands stained with Coomassie blue R-250 (BioRad Labs, Ramsey, MN, USA) were excised from the gel and sent to ProteomeTech (Seoul, Korea) for protein sequence analysis.
Flow cytometric analysis of beta 1 integrin expression
A549 cells (2 × 10 5 ) were seeded onto 6-well culture plates, incubated with cisplatin (1 μg/mL), and detached with 0.05% trypsin/0.02% EDTA at defined time points (12, 24, 48 hours) for analysis. Non-treated controls were prepared in parallel for each time point. Cells were incubated with either saturating amounts of purified P5 mAb or a control immunoglobulin for 30 minutes at 4°C. Thereafter, cells were washed twice with PBS, incubated with FITC-conjugated goat anti-mouse secondary antibody for 20 minutes at 4°C, and washed twice again with PBS. The resulting cells were fixed with 1% paraformaldehyde (Sigma-Aldrich, St. Louis, MO, USA) prior to be analyzed using FACS caliber (BD Biosciences, San Jose, USA) equipped with a CELLQuest software.
Cytotoxicity assay
A549 cells (4 × 10 3 cells suspended in 100 μL of RPMI 1640 supplemented with 10% FBS) were seeded onto a 96-well plate (SPL Lifesciences, Pocheon, Korea) and incubated overnight at 37°C with 5% CO 2 to allow the cells to adhere to the plate. Next day, the culture supernatant was removed, and the antibody (dissolved in serum-free RPMI at a concentration of 10 μg/mL), either alone or in combination with 1 μg/mL of cisplatin, was added to the cells. Cells in fresh medium without antibody or cisplatin were used as control. Plates were incubated at 37°C for a given incubation period, after which 10 μL of the solution from EZ-Cytox Cell Viability Assay kit was added to each well and incubated at 37°C with 5% CO 2 for 2 hours. The extent of reduction to formazan within cells was quantified by measuring absorbance at 480 nm using SpectraMax M5 (Molecular Devices, Sunnyvale, USA).
Apoptosis assay
A549 cells (1 × 10 5 ) in 100 μL of RPMI 1640 supplemented with 10% FBS were seeded onto a 6 well plate (SPL Lifesciences, Pocheon, Korea). Plates were incubated overnight at 37°C with 5% CO 2 to allow cells to adhere to the plate. The culture supernatant was removed, and the antibody (dissolved in serum-free RPMI at a concentration of 10 μg/mL), either alone or in combination with 1 μg/mL of cisplatin, was added to cells. Cells in fresh medium without antibody or cisplatin were used as control. Apoptotic cell death was assessed 48 hours later by determining the percentage of cells positive for FITC-labeled Annexin V and PI. The proportion of Annexin V/PI positive cells were analyzed using FACS caliber equipped with CELLQuest software.
Statistical analysis
Data were expressed as mean ± SD. Comparisons between experimental groups were made by one-way ANOVA. The differences in mean values were considered significant at P < 0.05.
Sequence analysis
RNA was extracted from P5 hybridoma clone (RNeasy Plus Mini Kit, QIAGEN Inc., Valencia, CA, USA) to analyze the gene sequence for immunoglobulin variable regions. PCR (Biorad, Hercules, CA) was performed using Mouse Ig-Primer Set (Novagen, Wisconsin, USA) to yield P5 mAb variable region of DNA. Sequencing analysis on the PCR product was performed at Comogenetech (Daejeon, Korea), and the CDRs were confirmed using IMGT/V-QUEST (V-QUEry and STandardization) software, an integrated software program that analyzes immunoglobulin (IG) and T cell receptor (TR) rearranged nucleotide sequences [17] [18] .
Results
Establishment and characterization of anti-beta integrin mAb (P5)
Mice were alternatively immunized with human PBMC to produce P5 mAb. Identification and confirmation of resulting P5 mAB as a novel antibody against beta 1 integrin was made possible by the following methods. First, cell lysates were immunoprecipitated with commercial anti-beta 1 integrin mAb (TS2/16) and immunoblotted with P5 mAb, which revealed a 140 kDa molecular weight band corresponding to the expected molecular weight of beta 1 integrin antigen (Fig. 1) . Second, the confirmation of protein beta 1 integrin was performed using LC/MS protein sequence analysis (Fig. 2) . The results demonstrated that P5 antigen is expressed on several cancer cell lines ( Table 1) .
Cisplatin treatment increases beta 1 integrin expression on A549 cells
We tested if cisplatin treatment would affect the cellular expression of beta 1 integrin in A549 cells. When A549 cells were incubated with cisplatin (1 μg/mL), subsequently detached and analyzed by flow cytometry, their beta 1 integrin expression was increased at 24 hours (125%) and 48 hours (184%) compared to untreated cells (Fig. 3) . This result reveals that cisplatin treatment increases beta 1 integrin expression on A549 cells. 
Inhibition of cell growth for cisplatin-treated A549 cells by P5 mAb
To determine if a combined treatment of P5 mAb and cisplatin exerts synergistic effect on cell growth, A549 cells were plated onto 96 well plate and P5 mAb and cisplatin were added to the culture medium. The viability of A549 cells was assessed at defined time points (12, 24 , and 48 hours) using EZ-Cytox Cell Viability Assay Kit. When treated individually, cell growths were inhibited at 48 hours by 13% and 12% by P5 mAb and cisplatin, respectively (Fig. 4A) . When used in combination, P5 mAb and cisplatin synergistically inhibited the growth of A549 cells by 21% at 48 hours (Fig. 4A) . Increasing concentration of P5 mAb (0.1, 0.5, 1, 5, 10, and 20 μg/mL, Fig. 4B ) or cisplatin (1, 5, and 10 μg/mL, Fig. 4C ) in the culture medium while maintaining constant concentration of either cisplatin (1 μg/mL, Fig. 4B ) or P5 mAb (10 μg/mL) inhibited the growth of A549 cells in a dose dependent manner.
P5 mAb treatment with cisplatin increases apoptosis in A549 cells
To determine the effect of P5 mAb and cisplatin treatment on the induction of apoptosis in A549 cells, cells were plated onto 6 well plate and incubated with P5 mAb (10 μg/mL) and cisplatin (1 μg/mL) for 48 hours. At the end of incubation period, cells were detached, and cell death was assessed by determining the proportion of PI-positive cells labeled with Annexin V. Incubation with P5 mAb or cisplatin increased the apoptosis in A549 cells by 12.99% and 12.6%, respectively. Combination of P5 mAb and cisplatin synergistically increased the apoptosis by 27.2% (Fig. 5) . /well and treated with P5 mAb (10 μg/mL), cisplatin (1 μg/mL), or P5 mAb (10 μg/mL) + Cisplatin (1 μg/mL) at defined time points (12, 24 , and 48 hours). Combined treatment resulted in more significant growth inhibition (almost double compared to that of single treatment) at 48 hours. B and C: Dose-dependent inhibitory effect of P5 mAb and cisplatin when used with fixed concentration of either cisplatin (B, 1 μg/mL) or P5 mAb (C, 10 μg/mL) on A549 lung cancer cells. P5 mAb concentrations used were from 0.1 to 20 μg/mL (B), whereas cisplatin concentrations were from 0 to 10 μg/mL (C). Cell growth inhibition was determined by EZ-cytox reagent. Bars, means ± SD of a representative experiment done in triplicate from three independently performed experiments. *P < 0.05.
Sequencing analysis of the variable region of P5 mAb
RNA from P5 hybridoma cells was subjected to PCR, and the gene sequences were analyzed to obtain sequence information for the variable regions of P5 mAb. Sequencing results yielded CDR1 (GYTFSNYW), CDR2 (ILPGSVNT), and CDR3 (ALATPYYALDS) in the heavy chain variable region whereas CDR1 (ESLLHSNGNTY), CDR2 (RMS), and CDR3 (MQHLEYPFT) in the light chain region (Fig. 6) .
Discussion
In this study, we provide evidence that the novel monoclonal antibody against beta 1 integrin (CD29) enhances cisplatin efficacy in human adenocarcinoma cell line A549. In addition, we prove that combinatorial treatment of P5 mAb with cisplatin shows better efficacy than chemotherapy alone. P5 mAb was produced by immunizing BALB/c mice with human PBMC. Its binding was further characterized by performing cell-binding profiling using various human origin cell lines, measured with flow cytometry. Based on Western blotting results, channel catfish beta 1 molecule has a molecular mass of approximately 130 kDa (19) . When TF-1 cell lysates overexpressing P5 antigen were used for immunoprecipitation to determine the molecular weight of P5 antigen, a discrete band was observed at approximately 140 kDa under reducing condition. We also confirmed that P5 mAb recognized the same target molecule as commercial anti-beta 1 integrin mAb by LC/MC protein sequence analysis.
Less is known on the relevance of beta 1 integrin in lung tumors, despite the fact that it has aberrant expression and has been correlated with patient survival reduction [20, 21] . The results presented in this study prove for the first time that the use of novel P5 mAb against beta 1 integrin can overcome the limitation of cisplatin.
A previous report showed that beta 1 integrin and EGFR functionally co-operate in lung cancer cells, giving rise to a crucial signaling platform required for primary tumor formation and the invasive behavior of tumor cells [21] . They also demonstrated that the proliferation of A549 is affected both in vitro and in vivo via silencing beta 1 integrin [21] . Based on this finding, we hypothesized that our P5 mAb could act as functional blocker of beta 1 integrin and exert an antitumor effect on lung adenocarcinoma cells either alone or as combinatorial therapy with other drugs such as cisplatin.
Over-expression of beta 1-integrin protected hepatocarcinoma cell (HCC) lines from apoptosis induced by chemotherapeutic reagents [22] . Thus, we sought to determine the change in surface beta 1 integrin expression following cisplatin treatment in A549 cells using flow cytometry. As result, we confirmed that the surface expression of beta 1 integrin on A549 following 48 hours of cisplatin treatment doubled when compared to no treatment control (Fig. 3) .
If over-expression of beta 1 integrin in A549 could protect cells from apoptosis by cisplatin treatment, functional block of beta-1 integrin could enhance the antitumor efficacy by cisplatin treatment. Indeed, our results indicated that P5 mAb and cisplatin combination therapy significantly inhibited A549 cell proliferation in vitro, and this effect was the highest at 48 hours of treatment (Fig. 4A) . We also confirmed that this growth inhibition occurred in a dose dependent manner, with inhibitory effect augmented as P5 mAb concentration increased (Fig. 4B) . On the other hand, only a marginal increase in growth inhibition activity was observed when cells were treated with a fixed concentration of P5 mAb in combination with an increasing concentration of cisplatin. In this case, the highest significant inhibitory effect was observed at 1 μg/mL cisplatin. To further prove that this growth inhibition activity occurred via apoptosis, we investigated Annexin V and PI positive cells. The result revealed ~20% more AnnexinV positive cells in the combination therapy group than the negative control group (Fig. 5) .
Currently, volociximab is in clinical trial as monoclonal therapy that targets alpha 5 beta 1 integrin. This monoclonal therapy causes tumor cells to undergo apoptotic cell death by inhibiting neoangiogenesis via blocking the interaction between alpha 5 beta 1 integrin and fibronectin [10, 23] . Through our current work, we confirmed that our P5 mAb similarly induces apoptotic cell death in tumor cells and the effect is enhanced by combinatorial treatment with cisplatin. We disclosed the full CDR sequences of the variable region of heavy and light chain immunoglobulin gene (Fig. 6) . The antibody is now in the process of being developed as a chimeric monoclonal antibody for anti-cancer therapy.
In conclusion, our results demonstrate that P5, the novel anti-beta 1 integrin mAb, has a potential to be utilized as a novel therapeutic antibody for the treatment of human lung adenocarcinoma. P5 mAb also exhibits a synergistic antitumor effect when used in combination with cisplatin. P5 mAb is a novel antibody that has different sequence than volociximab, but a similar effect. We believe that P5 mAb has a potential to be developed as an effective antibody therapy targeting beta 1 integrin.
